Objectives: The aim of this study was to determine the frequency of metaplastic breast carcinoma and invasive micropapillary carcinoma in our population and also to compare the clinico-pathologic features of metaplastic breast carcinoma and invasive micropapillary carcinoma with invasive ductal carcinoma, not otherwise specified (IDC, NOS).
Introduction
Due to heterogeneous nature of the breast cancer, understanding of potentially aggressive cancers helps in designing tailored therapeutic interventions as it assists in comprehending the prognosis of the disease. Metaplastic breast carcinomas (MBC) and invasive micropapillary breast carcinomas (IMBC) are two aggressive phenotypic variants of breast cancers with a low prevalence rate amongst the general population. Although these variants are relatively rare but pose significant challenge in terms of breast cancer treatment. Majority of the special subtypes of breast carcinoma including mucinous, tubular, cribriform etc. are more indolent in behavior than conventional ductal carcinoma, not otherwise specified, and confers relatively better prognosis and favorable outcomes [1] [2] [3] . Invasive micropapillary carcinoma is recognized by tubulo-alveolar formation, which is visible in empty spaces with fragile pseudopapillary structures devoid of fibro-vascular core scattered across the membrane [4] . This micropapillary differentiation is visible as tight clusters of tumor cells present in cleft like retraction spaces resembling lymphatics [5] . Clinical significance of micropapillary differentiation relies on high incidence of nodal metastasis [6] . Metaplastic carcinomas are a diverse group of tumors showing divergent differentiation towards squamous, spindle cell or mesenchymal. These tumors are found to be negative for hormone receptors and Her2neu and therefore exhibit a basal like breast cancer profile [7, 8] . As a consequence of systemic metastasis, they are regarded as one of the most aggressive breast tumors [9] . Epithelial to mesenchymal transition in these subtypes of breast carcinomas are proposed to be associated with the tendency of the tumor cells to acquire properties of stem cells [10] . Since these subtypes of breast cancers are less responsive to conventional hormonal and chemotherapeutic interventions, we aimed to evaluate the frequency of metaplastic breast carcinoma and invasive micropapillary carcinoma in our population with regard to clinico-pathologic features of invasive ductal carcinoma, not otherwise specified. Moreover, in the era of personalized therapy, knowledge of histologic and prognostic parameters of individual types of cancers is extremely important as these features may differ in different populations. Therefore, evaluating prognostic features of micropapillary and metaplastic breast cancer in this study will be helpful in individualizing treatment strategies in locoregional population.
Main text

Methods
We reviewed 1951 cases of breast carcinoma treated at Liaquat National hospital from January 2008 till December 2014. The specimens include trucut biopsies, breast conservation surgeries and modified radical mastectomies. All the slides of these cases were retrieved and reviewed by two experienced pathologists. Micropapillary differentiation was defined as tumor nests present in cleft like spaces resembling lymphatic spaces. Micropapillary carcinomas were defined as tumors with > 90% micropapillary differentiation (Fig. 1) . Metaplastic carcinomas were categorized as tumors showing spindle cell, squamous or mesenchymal differentiation (osseous, chondroid or matrix producing stroma) as shown in Fig. 1 Immunohistochemistry was performed using DAKO envision kit according to manufacturers recommendations. Normal breast tissue was used as positive controls for ER, PR and as negative control for Her2neu. Known case of her2neu amplified breast cancer was used as positive control for Her2neu. For ki67 benign reactive lymph node was used as positive control.
More than 1% nuclear staining for ER/PR was considered positive expression.
HER2neu were scored based on the intensity and percentage of positive cells on a scale of 0 to 3 + according to ASCO/CAP guidelines [11, 12] . Cases with intermediate (2+) expression of Her2neu underwent subsequent FISH testing for Her2neu gene amplification. FISH testing was performed using FDA approved Path Vysion Her2 DNA Probe kit according and reported according to CAP guidelines.
Ki-67 immunoreactivity was recorded as continuous variables, based on the proportion of positive tumor cells (0-100%). At least 1000 cells were evaluated before calculating an average estimate. If hot spots were present, then they are included in the estimation. Ki67 index was further categorized into four groups, < 14%, 15-24%, 25-44%, > 45%.
Statistical package for social sciences (SPSS 21) was used for data compilation and analysis. Mean and standard deviation were calculated for quantitative variables. Frequency and percentage were calculated of qualitative variables. Chi square was applied to see association. T test was applied to compare difference in means among groups by considering P-value ≤ 0.05 as significant.
Results
The study involved 1951 cases of primary breast carcinoma, out of which 1695 (86.9%) cases were ductal carcinoma, NOS, while 43 (2.2%) and 15 (0.76%) cases were of metaplastic and micropapillary carcinoma, respectively and thus included in the study. Table 1 shows the comparison of metaplastic carcinoma with ductal carcinoma, NOS.
Metaplastic carcinomas were found to be of higher grade as compared to ductal carcinoma NOS (81% of metaplastic carcinoma were grade III compared to 35% ductal carcinoma, NOS). Similarly, metaplastic carcinoma differs with ductal carcinoma NOS in terms of ER/ PR positivity. 79 and 86% of metaplastic carcinoma were ER and PR negative, respectively as compared to ductal carcinoma NOS (40 and 54% were ER and PR negative, respectively). No significant difference was noted in respect to T-stage and N-stage of metaplastic carcinoma as compared to ductal carcinoma NOS. Lack of insitu component was noted in more than half of cases of metaplastic carcinoma which differs significantly from ductal carcinoma NOS. Majority of metaplastic carcinomas were triple negative (67.4%) compared to ductal carcinoma NOS, most of which are luminal B (44%). Table 2 shows the comparison of various clinico-pathologic features of micropapillary carcinoma with ductal carcinoma NOS. No significant association was noted except for ER and PR positivity, where micropapillary cancers were noted to have more frequent positivity of these biomarkers (micropapillary cancers were 86.7 and 73.3% ER and PR positive compared to 60 and 46% in ductal carcinoma NOS).
Although micropapillary cancers were found to be associated with 66.7% frequency of nodal metastasis, however to significant difference was noted when compared to ductal carcinoma NOS. Furthermore, mean ki67 index of micropapillary carcinoma was 35.8 and 26% were of grade III. Her2neu positivity was noted in 60% of cases. Higher frequency of lymphovascular invasion was noted in micropapillary carcinoma (77.8%) compared to ductal carcinoma NOS (24.8%). 86.7% of micropapillary carcinoma were luminal B compared to 44% of ductal carcinoma, NOS.
Discussion
In the present study we found a low frequency of metaplastic and micropapillary carcinoma, however these rare types were found to be associated with adverse prognostic parameters. Metaplastic carcinomas were noted to have higher grade and lower expression of hormonal receptors, while micropapillary carcinoma showed higher frequency of lymphovascular invasion. Clinico-pathologic evaluation of tumors is principal to predict the outcome and life expectancy of the patients. On account of the recognition of ductal carcinomas and previously classified as not otherwise specified carcinomas, today the rate of treatment failure has been largely reduced [13] . An antecedent study conducted in the year 2014, revealed that the incidence of tumors demonstrating ductal morphology was as high as 83% in the population [15] . Furthermore, a meaningful number of tumors exhibited metaplastic as well as medullary characteristics [14, 15] . On the grounds of our previous findings; in this study we focused on the clinico-pathologic and histopathologic features of the invasive micropapillary breast carcinoma and the invasive metaplastic carcinoma. Alongside studying these clinico-pathologic features of invasive metaplastic and micropapillary breast carcinoma, we also compared the two subtypes with the invasive ductal carcinoma, not otherwise specified of the breast to expand our knowledge and understanding.
According to Weigelt et al. only 25% of carcinomas diagnosed in laboratory settings are histologically 'special type' and further classified into 17 pathological types, while the rest are invasive ductal carcinoma not otherwise specified [16] . In congruence with the previous studies, we observed that ductal carcinoma, not otherwise specified were the most prevalent type of breast cancer in our population, constituting 84% of all breast cancers diagnosed in the laboratory, while only a meagre number of cases of metaplastic (2.2%) and micropapillary (0.76%) carcinomas were notable. The incidence of metaplastic carcinoma was found to be less than 1% by previous studies [17] [18] [19] [20] , however, in the present study, we observed that the incidence of MBC has increased significantly (2.2% in the present study). In addition, a marked variation in tumor grade and frequency of ER and PR genes was noticed between the metaplastic and ductal carcinoma not otherwise specified, where metaplastic carcinomas were characterized by high tumor grade as compared to IDC NOS. Since tumor grade is one of the predominant histopathologic feature that predicts the outcome of disease [21] [22] [23] . It can be said that metaplastic carcinoma is more aggressive in behavior than IDC NOS. Moreover, the ER and PR positivity was significantly low in our study. A previous study also demonstrated that the percentage of ER, PR and HER-2 positivity was less than 10% in metaplastic carcinoma [18] . Our analysis also showed congruence with these findings as HER-2 positivity was found to be 21% in metaplastic carcinomas and 44% in invasive ductal carcinoma, not otherwise specified.
Furthermore, a significant number of metaplastic carcinoma were found to be triple negative (84%), unlike DC, NOS which were predominantly luminal B type. The findings of our study are consistent with other studies which demonstrated that triple negative characteristic was the predominant molecular subtype in metaplastic carcinoma [18, 25] . Due to triple negative characteristic of metaplastic carcinomas, they are regarded as more aggressive type of cancers which are often less-responsive to endocrine therapy [24] . On the other hand, the incidence of invasive micropapillary carcinoma was reported to be less than 2% (ranging from 0.7 to 3%) of all invasive breast carcinomas [24, 25] . In our study, we found that less than 1% of the cases of breast cancers accounted for invasive micropapillary carcinoma. The clinico-pathologic findings of micropapillary carcinoma in our study revealed a high ER and PR positivity ratio as compared with invasive ductal carcinoma, not otherwise specified. ER positivity was visible in 87% of the cases of IMPC, while only 60% of IDC, NOS showed ER positivity. In another study, ER positivity ranged from 19.4 to 90.6% in invasive micropapillary carcinomas [26] . One of the study also indicated that high PR positivity in invasive micropapillary carcinomas is advantageous in terms of survival and attributable to increased life expectancy in these patients. Therefore, these characteristics suggest good prognosis in patients with MIBC as compared to IDC, NOS since high positivity of ER and PR correlates with good prognosis and tumor outcomes [27, 28] Notwithstanding with these correlations, the IMPC is characterized by poor prognosis and aggressive behavior due to high propensity for nodal metastasis and lymphovascular invasion [27, 28] , despite of high PR and ER positivity. The findings of our study reaffirm high incidence of lymphovascular invasion, as noted in 78% of micropapillary carcinomas compared to only 25% ductal carcinoma NOS.
In conclusion, invasive micropapillary carcinoma and invasive metaplastic carcinoma are rare breast cancer subtypes accounting for less than 2 and 1% of the breast cancer burden in our population. Both of the types correlate with adverse prognosis and poor outcomes. Owing to high tumor grade and loss of hormonal receptor expression in metaplastic carcinomas, they are believed to be less responsive to conventional therapies. Similarly, frequent lymphovascular invasion in micropapillary carcinoma correlates with aggressive nature.
We recommend larger-scale, population level studies to find the prevalence of the two rare subtypes of the breast cancer in our population since the results of our study cannot be extrapolated to the whole population as it dealt with a single-facility data. A multi-center study can determine the true prevalence of these rare subtypes of breast cancer in our population and then by knowing the adverse prognostic features of these tumors, therapeutic protocols can be developed for locoregional population.
Limitations
Lack of clinical follow up to determine recurrence and disease free survival was the major limitation of our study. Moreover, molecular studies like oncotype Dx was not performed on these tumors to determine their molecular adverse prognostic features.
